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TOM TAT

Du doan chinh xac sirc chiu tai cia coc |a mat thach thirc quan
trong trong nganh dia ky thuat, ddc bigt khi xét dén su twong tac
phirc tap giira nén dat va coc. Nghién ciru nay nhim phat trign mat
md hinh du bao dua trén phuong phap hoo may dé xac dinh sic
chiu tai coa coc tir dif lieu thuc nghiém thu thap qua céc thi
nghiém téi trong O-cell. Ba dir ligu bao gdm théng tin chi tigt vé
hinh hoc coc, dac tinh vat ligu, dic diém nén dat va sic chiu tai do
duge. Ky thuat hoe may tién tién, cu thé |a Mang than kinh nhan
tao (ANN), d& dwgec ap dung dé md phong cac mdi quan hé phi
tuygn giira cac tham sd ddu vao va sirc chiu tai cia coc. Kt qua
nghién ciu khang dinh tiém nang cia cac ma hinh hoc may trong
viec nang cao dd tin céy va higu qud cia qué trinh thigt k& coc.
Nghién ciru nay khang chi cung c&p mat cang cu du bao manh mé
ma con ddng gap vao viéc thic ddy img dung céc phuong phép
ti€p can dua trén dir lieu trong thye hanh dia ki thuat.

Tir khoa: St chiu téi coc; thi nghigm O-cell; phuong phap may
hoc; nén tinh coc.

ABSTRACT

Accurately predicting the bearing capacity of piles is a significant
challenge in geotechnical engineering. especially considering the
complex interactions between soil and piles. This study aims to
develop a machine learning-based model to estimate the bearing
capacity of piles using experimental data obtained from 0-cell
load tests. The dataset includes detailed information on pile
geometry, material properties, soil characteristics, and measured
bearing capacities. Advanced machine learning technigues,
specifically Artificial Neural Networks (ANN), were applied to
capture the nonlinear relationships between input parameters
and pile bearing capacity. The findings confirm the potential of
machine learning models to enhance the reliability and efficiency
of pile design processes. This study not only provides a robust
predictive tool but also contributes to promoting data-driven
approaches in geotechnical engineering practice.

Keyword: Pile load-Bearing Capacity, O-cell test, Machine
learning, Static Pile Load Test.

1. GIGI THIEU

Du doan suc chiu tai ctia coc la mot yéu té quan trong trong ky
thuat dia chat, anh hudng dén su an toan, hiéu qua va tinh kinh té
cla thiét k& nén méng. Coc thudng dugc st dung dé truyén tai cac
luc cau trdc xuéng cac I6p dat sdu va én dinh hon, nhung viéc uéc
lugng chinh xac stc chiu tai clia coc van la mot nhiém vu phuc tap
do su tuang tac tinh vi giia coc, dac tinh dat va diéu kién méi
trudng. Cac phuong phap truyén théng, nhu cac phuong trinh
phan tich va cac tuong quan thuc nghiém, thudng dua trén nhiing
gia dinh ly tudng va c6 han ché trong kha nang tinh toan tinh phi
tuyén tinh va tinh khong déng nhat cta tuong tac dat-coc. Nhimng
han ché nay lam ndi bat nhu ciu vé cac cong cu du doan manh mé
va linh hoat hon.

Su xuét hién clia phuang phap may hoc da mé ra ca hoi mai dé
giai quyét cac van dé ky thuat phuc tap bang cach st dung cac bé
di liéu 16n d@é phat hién cac mé hinh va méi quan hé ma khé cé
thé ndm bat bing cac phuong phap truyén théng. Trong s6 cac ky
thuat may hoc, mang no-ron nhan tao (ANN) da ching té tiém
nang dang ké trong viéc giai quyét cac van dé phi tuyén va da bién
trong ky thuat dia chat. ANN cé kha nang mé hinh hoa cac maoi
quan hé phc tap gilra cac yéu t6 dau vao va dau ra, khién ching
trg thanh cong cu ly tudng dé du doan suic chiu tai clia coc dua
trén cac bo dirliéu da dang.

Muc tiéu cta nghién clu nay la phat trién mot mé hinh du
doan suc chiu tai cda coc st dung ANN va di liéu thuc nghiém tu
cac thi nghiém O-cell. Cac thi nghiém O-cell, duoc biét dén véi do
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NGHIEN COU KHDA HOC

tin cdy cao va kha nang do ludng riéng biét stic khang ctia nén va
than coc, cung cdp moét nguén dit liéu phong phd dé huan luyén
va kiém dinh cdc mé hinh hoc may. Bang cach két hgp cac tham sé
nhu hinh hoc coc, dac tinh vat liéu va tinh chat dat, nghién ctu nay
nham tao ra mot cong cu du doédn chinh xac va thuc té cho cac ky
su. Nghién ctu cing danh gia hiéu suat ca mé hinh ANN so vdi
cac phuong phap du doéan truyén théng, lam néi bat nhing uu
diém ctia n6 vé d6 chinh xac va kha nang thich tng.

2. TONG QUAN VE PHUONG PHAP DU POAN SUC CHIU TAI
cUA cOC VA UNG DUNG HOC MAY TRONG KY THUAT PIA
CHAT

2.1 Phuong phap truyén théng trong du doan stic chiu tai
ctia coc

Du doan surc chiu tai ctia coc la mot trong nhimng van dé quan
trong trong thiét ké nén moéng. Cac phuong phap truyén théng dé
udc tinh suic chiu tai clia coc cht yéu dua vao cac cong thiic phan
tich ly thuyét va cac méi quan hé thuc nghiém. Cac phuong phap
nay bao gém cac moé hinh nhu phuang phap phan tich lop dat,
phuong phdp R-T (resistance-time), hay phuong phap cla
Meyerhof va Hansen (1976), trong d6 suc chju tai cia coc dugc tinh
toan dua trén cac tham sé dat va hinh hoc coc.

Cac phuong phap truyén théng nay mac du dugc st dung
réng rai, nhung c6 mét s6 nhugc diém dang chd y. Cac gia dinh Iy
thuyét trong cac mé hinh nay thudng khéng hoan toan phan anh
tinh chat phi tuyén tinh va khéng déng nhat ctia dat nén. Ngoai ra,
viéc 4p dung céc phuaong phap nay cling gap kho khan khi phai xt
ly nhiing tinh huéng phtc tap, nhu su dnh hudng cla cac l6p dat
khéng déng nhat, hoac diéu kién méi trudng thay déi.

2.2 Thi nghiém O-cell trong du doan stic chiu tai ctia coc

Thi nghiém O-cell (O-cell load test) la mét phuong phap thuc
nghiém tién tién dugc st dung dé do ludng suc chiu tai cla coc,
cung cap thong tin chi tiét vé khang luc cta than coc va day coc
riéng biét. Cac thi nghiém nay cho phép do dac chinh xac su phan
bé tai trong doc theo chiéu sau clia coc, tir d6 gitp hiéu ré hon vé
cach thuc truyén tai luc va phan bé Uing suat trong dat. D liéu thu
thap dugc tu thi nghiém O-cell c6 thé cung cap cac tham s6 quan
trong cho viéc phat trién cac mé hinh du doan suc chiu tai coc, dac
biét khi két hop vai cac ky thuat hoc may.

2.3 Ung dung hoc may trong du doan stic chiu tai ctia coc

Trong nhiing nam gan day, viéc ing dung cac phuong phap
hoc may (ML) d€ dy doén stic chiu ti cGa coc ngay cang dugc chu
trong. Cac ky thuat hoc may, dac biét la Mang no-ron nhan tao
(ANN), da ching to tiém nang vuot trdi trong viéc giadi quyét cac
van dé phi tuyén va da bién trong ky thuat dia chat. Cac mé hinh
ANN c6 kha nang hoc dugc cac méi quan hé phuc tap gitia cac yéu
t6 dau vao (nhu hinh hoc coc, dac tinh vat liéu, va tinh chat dat) va
dau ra (suc chiu tai coc) ma cac phuong phap truyén théng khong
thé mé hinh héa mét cach hiéu qua.

Nhiéu nghién ctu da ing dung ANN trong viéc du doan suc
chiu tai clia coc véi su thanh céng dang ké. Vi du, mét s6 nghién
cliu da két hgp dit liéu tir cac thi nghiém O-cell va cac thong s6 ky
thuat khac dé€ huan luyén cdc mé hinh ANN. Cac mé hinh nay da
cho két qua chinh xac hon so véi cac phuang phap phan tich ly
thuyét, ddc biét trong cac trudng hgp dat nén phc tap va khéng
déng nhat.

Bén canh ANN, cac ky thuat hoc may khac nhu Hoc may cé
gidm sat (Supervised Learning), Hoc mdy khong gidm sét
(Unsupervised Learning), hay cac thuat toan hoi quy da chiéu nhu
MARS (Multivariate Adaptive Regression Spline) cling da dugc ap
dung dé gidi quyét bai toan du doan suc chiu tai coc. Cac nghién
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ctru nay déu cho thay rang hoc may co6 kha nang khai thac di liéu
thuc nghiém hiéu qua va c6 thé cung cdp nhiing du doan chinh
xac han, déng thai gidm thiéu nhiing gia dinh ly thuyét khat khe
ma phuong phap truyén théng yéu cau.

2.4 Cac nghién ciu trudc diay va huéng phat trién trong
tuong lai

Mac du c6 su phat trién manh mé trong Ung dung hoc may
trong ky thuat dia chat, dac biét trong viéc du doan suic chju tai cia
coc, nhung van con nhiéu thach thic can dugc giai quyét. Cac
nghién ctu trudc day chi yéu tap trung vao viéc xay dung mé hinh
ANN véi cac bo dit liéu c6 sdn tir cac thi nghiém O-cell hodc céc thar
nghiém thuc dia khac. Tuy nhién, cac yéu t6 nhu sy da dang cua
diéu kién dat, anh hudng cla cac |6p dat khong déng nhat, va su
thay d6i ca cac diéu kién méi trudng van con chua dugc nghién
cliu day du. Do do, nghién ctu trong tuong lai can tap trung vao
viéc cai thién kha nang téng quat clia cdc mé hinh hoc may, dac
biét la kha nang x{ ly cac dir liéu c6 d6 phan gidi cao va dé phtc
tap cao.

3. DU LIEU VA PHUONG PHAP NGHIEN CUU

3.1 D liéu thi nghiém O-cell

Hinh 1 bén dudi mé ta 3 cong trinh nha cao tang tai TP.HCM,
c6 ap dung thi nghiém O-cell d€ danh gia st chiu tai coc. Théng
s0 chi tiét coc dugc mo ta theo bang 1 sau:

Bdng 1: Chi tiét théng sé coc duoc dp dung thi nghiém O-cell
TestPile1 | TestPile2 | TestPile2
Dyan Limm | GoldenRiver | o imark 81
Bason
Chiéu dai (m) 63 69 85
Dién tich mat catngang| ,a40, 800 | 2800x800 | 2800 x 1000
(mm)
Trong lugng phia trén
O-cell (kN) 1500 1900 2400
Chiéu dai phia trén O- 47 58 618
cell
Chiéu dai phia duéi O- 16 - 232
cell
Chi sé SPT tai mi coc 63 64 83

g 0

C) £ Ba Sor

o

Hinh 1. Vi tri ctia cac coc thi nghiém tai TP.HCM

3.2 M6 hinh ANN

Mé hinh ANN dugc sir dung trong nghién ctu nay bao gém ba
I6p chinh: 16p dau vao, I6p an, va I8p dau ra. Cau trdc md hinh
dugc t8i uu hda dé dat dugc két qua du doan chinh xac nhat cho
suic chiu tai clia coc.

o Lép dau vao: Vi tri O-cell trong coc; Chi sé SPT tai mi coc; Gia
tri tai trong phia trén O-cell.
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Chiéu dai phia Chisé SPT tai Trong lugng
trén O-cell (L1) / m{i coc vGi phia trén O-cell
chiéu dai coc phia | chiéu daicoc | véichiéu dai coc

dudi O-cell (L2) Nspt/Lcoc Wup/Lcoc

Test 0.746 1.000 238

Pile 1

Test

Pile 2 0.840 0.927 27.5

Test

Pile 3 0.720 0.809 28.2

o Lép an: Mé hinh sir dung moét sé 16p 4n dé hoc cac méi quan
hé phi tuyén tinh gilta cac dac trung dau vao va suic chiju tai cta
coc. S6 lugng 18p &n va s6 nut trong méi I6p duoc diéu chinh dé t6i
uu hoa hiéu suét ctia mé hinh.

o Lép dau ra: Stc chiu tai cuc han (Qux): Gia tri muc tiéu can du
doan.

Cau tric chinh cia mé hinh ANN trong nghién ctiu nay bao gém:

0 56 I8p &n: M6 hinh st dung tir mét dén ba I6p &n, méi I6p c6
tUr 10 dén 50 nut. S6 lugng 16p an va nut dugc diéu chinh dua trén
viéc danh gia hiéu suat ctia mé hinh trong qua trinh huén luyén.

oHam kich hoat: Cac I6p an st dung ham kich hoat RelLU
(Rectified Linear Unit) vi kha nang x{ ly tét cac van dé phi tuyén va
hiéu suat tinh toan cao. Tuy nhién, I6p dau ra st dung ham kich
hoat tuyén tinh (Linear Activation) d€ du doan suc chiu tai, vi gia tri
dy dodn la mot dai lugng lién tuc.

4, KET QUA VA THAO LUAN
4.1 Két qua
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Hinh 2. Anh huting ciia i 1& vi tri 13p diit O-cell tdi stic chiu tai cuc han trong cic
trudng hop thay Nspt tai mii thay ddi tuong ting véi chiéu dai coc.

4.2 Panh gia hiéu sudt mé hinh

® Sai s6 trung binh (Mean Absolute Error - MAE)

0 Sai s6 trung binh gilta du doén va thuc té 1a ~ 2,182 kN.

o V6i stic chiu tai 16n (60-90 MN), sai s6 nay c6 thé chdp nhan
dugc trong mot s6 trudng hop thuc nghiém.

® Sai s6 can bac hai (Root Mean Square Error - RMSE).

o RMSE = 3,290.56 kN.

0Sai s6 16n hon mot chut so véi MAE do nhdn manh vao cac
gid tri sai léch I6n.

® Hé s6 xac dinh (R* = 0.891): M6 hinh giai thich dugc 89.1% su
bién thién ctia d{ liéu thuc nghiém, cho thay hiéu suat kha tét.

4.3 Phan tich tam quan trong cta cac tham sé

o Vi tri O-cell: Tham s6 nay anh hudng manh dén suc chiu tai
coc, dac biét néu O-cell gan mii coc (gidm suic chiu tai).

® Nspt/Lcoc: Chi s6 SPT tai mii coc c6 thé anh hudng dang ké
dén suc chiu tai, thé hién kha ndng ca dat nén tai mai coc.

e Wup/Lcoc: Trong lugng phia trén O-cell c6 thé anh hudng
theo ca hai chiéu (tang hodc gidm suc chiu tai).

5. KET LUAN

Néu O-cell nam gan day coc, anh huédng cla dat nén xung
quanh c6 thé giam, dan dén su suy giam suc chiu tai. Tham s6 nay
c6 thé dugc coi la quan trong nhét trong viéc du doan suc chiu tai
coc, Vi vi tri O-cell xac dinh muc d6 anh hudng cla cac tang dat
khac nhau dén su chiu luc clia coc. Do d6 viéc chon vj tri O-cell dé
danh gia suc chiu tai coc can dugc quan tam nhiéu han trong cac
diéu kién cu thé.

Chi s6 SPT tai mii coc, dugc chudn hoéa theo chiéu dai coc, c6
anh hudng dang ké dén stic chiu tai. Chi s6 SPT cang cao thé hién
dé dac chac cda dat nén, tir dé lam tang suc chiu tai cta coc. Diéu
nay dac biét quan trong & cac vung dat c6 kha nang chiu luc tét,
chdng han nhu dat ciing hodc dat c6 dic tinh tuong tu. Mac du
khéng manh bang vi tri O-cell, chi s6 SPT van la mét yéu t6 quan
trong trong viéc danh gia suc chiu tai clia coc, dac biét trong diéu
kién dat nén yéu.

Trong lugng phia trén O-cell anh hudng dén suic chiu tai coc
theo mot s6 cach. Trong lugng nay lam tang &p luc lén coc, gitp
coc vuon téi va duy tri kha nang chiu tai t6t hon, dac biét la trong
dat nén cung. Tuy nhién, néu trong luong qua 16n, cé thé gay ra
hién tugng ap luc du thira (overloading) dan dén su qua tai va lam
giam hiéu qua st dung cua coc.

Khuyén nghi cho viéc thiét ké coc: Thiét ké coc c6 thé duoc téi
uu hoa bang céach diéu chinh vi tri O-cell sao cho nam trong céc
vung c6 chi s6 SPT cao, déng thai tinh toan trong lugng phia trén
O-cell mét céch hgp ly dé ddm bao coc khong bi qua tai. Viéc phan
tich stc chiu tai coc nén dugc thuc hién dong thai véi viéc do dac
va danh gia chi s& SPT va kiém soat lyc tac dung tur trong lugng
phia trén coc. Cac két qua nay sé gilp thiét ké cac hé théng coc
hiéu qua hon, tranh hién tugng qua tai hoac thiét ké thura.
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